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Introduction
Sentence processing does not only involve gaining access to the meaning of words being read or heard; other sources of information, such as pragmatic information, are also retrieved during language comprehension. For example, when reading "Divorce is unacceptable", the interpretation of the adjective `unacceptable´ will vary depending on one's own opinion about divorce. Native speakers seem to retrieve pragmatic information rapidly and incrementally during first language (L1) online comprehension.
For instance, they can assess the veracity of a sentence thanks to quick access to their world knowledge stored in long term memory (e.g., 'Mozart composed classical/jazz music'; Hagoort, Hald, Bastiaansen, & Petersson, 2004; Martin, Garcia, Breton, Thierry, & Costa, 2014) . They can interpret the intelligibility of a sentence according to the speaker's indexical properties (e.g., the speaker's voice, like in 'Every night I drink a glass of wine', said by an adult/child; Van Berkum, van den Brink, Tesink, Kos, & Hagoort, 2008) . And similarly, they can interpret a sentence according to their own value system (e.g., 'Divorce is unacceptable', presented to a Christian/non-Christian listener; Van Berkum, Holleman, Nieuwland, Otten, & Murre, 2009 ). Fast and incremental integration of information favours quick interpretation of the message conveyed. Much less is known, however, on whether these sources of information are used and retrieved during second language (L2) comprehension. The present study aims at exploring how and when valuation processes come into play when processing sentences in an L2. Achieving a better understanding of whether and how these processes take place will help us unveil difficulties often associated with sentence processing in L2.
To our knowledge, the only evidence about online retrieval of pragmatic information in L2 sentence processing is limited to two studies that revealed some differences between L1 and L2 sentence processing (Foucart et al., 2015; Martin, Garcia, Breton, Thierry, & Costa, under review; see below for a more detailed description). In the current article, we aim at completing this picture, by looking at how valuation processes function in an L2 context. Note that valuation processes, unlike world knowledge and indexical properties that involve information independent of the comprehender (i.e., facts of the world), are comprehender-dependent since they involve personal affect. Given that affect-based stimuli or statements usually provoke a less intense reaction in second language (L2) than in first language (L1) (Caldwell-Harris & Ayçiçeği-Dinn, 2009; Dewaele, 2004; Opitz & Degner, 2012; Pavlenko, 2005) , it is not immediately obvious that valuation be integrated incrementally and that it affect L2 speakers' online interpretation of a sentence. The present paper investigates this question by looking at the online valuation of a statement in relation to one's moral values.
Many event-related potential (ERP) studies investigating L2 sentence processing have focused on semantic processing, and the general conclusion is that L2 speakers can reach native-like performance. Indeed, since Ardal and colleagues' seminal study, the N400 effect found in native speakers in response to semantic violations has been consistently observed in L2 speakers as well, however, very often delayed (Ardal, Donald, Meuter, Muldrew, & Luce, 1990; Hahne & Friederici, 2001; Hahne, 2001; Kutas & Kluender, 1994; Meuter, Donald, & Ardal, 1987; Weber-Fox & Neville, 1996;  for reviews, see Frenck-Mestre, Sneed German, & Foucart, 2014; Moreno, RodriguezFornells, & Laine, 2008) . The N400 component peaks around 400 ms and has a centroparietal distribution. It is considered to reflect the semantic integration of a word within a sentential context (Kutas & Hillyard, 1980) ; its presence during L2 sentence comprehension suggests that semantic processing is similar in L1 and L2. However, it is still unclear why its time-course often shows a temporal delay.
Recently, it has been proposed that the difference of time-course may reveal difficulties in integrating pragmatic information online. Costa and colleagues investigated whether L2 speakers take world knowledge (Martin et al., under review) and the speaker's identity (Foucart et al., 2015) into account when incrementally processing speech and whether this affects their online interpretation of a sentence.
They presented native speakers and L2 speakers with sentences with either semantic violations (e.g., Mozart composed orange music) or pragmatic inconsistencies (e.g., 'Mozart composed jazz music'; 'Every night I drink a glass of wine', said by a child).
Both groups showed similar responses to semantic violations (an N400 distributed over the whole scalp; but see Martin et al., 2014; Martin et al., under review, for a discussion on earlier effects). In regards to pragmatic inconsistencies, world knowledge violations produced an N400 effect in native and non-native speakers (the effect was distributed over the whole scalp and was smaller than that in response to semantic violations).
Inconsistencies in indexical properties generated a positivity over centro-parietal sites for both groups, although earlier for L2 speakers. These results suggest that, depending on the source of pragmatic information, online integration occurs at a different timecourse in L1 and L2 sentence comprehension. The authors proposed that this difference may stem from L2 speakers' sensitivity to pragmatic information and/or their ability to efficiently make use of the information provided by the sentence context to generate expectations in relation to pragmatic information.
This conclusion is in line with linguistic studies showing that L2 speakers are more sensitive to pragmatic information than native speakers and tend to rely more on pragmatic cues when facing linguistic integration difficulties (Felser, Sato, & Bertenshaw, 2009; Roberts & Felser, 2011; Roberts, Gullberg, & Indefrey, 2008) . This assumption is rooted in the observation that when a linguistic situation is complex, any cues (e.g., linguistic, visual) that can render comprehension easier is likely to be used. If one of these cues is not available or distorted, processing becomes more difficult (Hattori, 1987) . In relation to L2 comprehension (which is usually more difficult than L1 comprehension), it has been put forward that late bilinguals may indeed give more weight to some cues than to others to compensate for their difficulty to process complex structures (Clahsen & Felser, 2006a , 2006b Papadopoulou & Clahsen, 2003; Ullman, 2005) . Hence, it is possible that during sentence processing late bilinguals rely on cues they master well (such as pragmatic cues which are language-independent), and consequently, be more sensitive to these cues.
L2 speakers, however, may not be as sensitive to valuation; indeed, as mentioned above, valuation is comprehender-dependent since it involves affect. Studies have shown that the emotional reaction to affect-based stimuli or statements is usually reduced in L2 (Caldwell-Harris & Ayçiçeği-Dinn, 2009; Opitz & Degner, 2012; Pavlenko, 2005) . For example, swear words provoke lesser physiological arousal in L2 than L1 (Dewaele, 2004) and emotional words or short phrases in L2 provoke reduced skin conductance amplitudes (Harris, Ayçiçeği, & Gleason, 2003; Harris, 2004 is an unacceptable/acceptable course of action.) and had to indicate whether they agreed with the statement or not. The ERP analyses from the onset of the critical word revealed a small N400 effect (375-425 ms) and a late positivity (LPP; 500-650 ms).
They also observed an early positivity (200-250 ms) that they speculated was the onset of a long lasting positivity that was temporarily interrupted by the N400 effect, as observed in previous studies (Cacioppo, Crites, Berntson, & Coles, 1993; Crites, Cacioppo, Gardner, & Berntson, 1995) . Interestingly, the N400 component had the same distribution over centro-parietal sites than the effect provoked by semantic violations (Kutas & Hillyard, 1980) . The LPP, on the other hand, was observed over the whole scalp, when this component usually has a centro-parietal maximum in response to emotional stimuli. The same pattern was observed in the two groups but for opposite statements depending on their own values. The authors interpreted the N400 effect observed as an indication of difficulty of early sense making, reflecting the difficulty of integrating a word within the context when it conflicts with one's value. They related the late positivity they observed to the late positive potential (LPP) usually elicited in response to the emotional intensity of a stimulus (pictures or words) (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Hajcak, MacNamara, & Olvet, 2010 ; for a review, see Citron, 2012) .
In sum, from Van Berkum et al's (2009) study, it seems that processing a statement that goes against one's values provokes an affect-related response (reflected by an LPP) and difficulty of semantic integration (reflected by an N400). The authors suggested that valuation may have a non-controlled, automatic influence on language processing. Importantly for our purpose, these results demonstrate that when comprehending a sentence, native speakers do not only process words within a context but they also evaluate the meaning of the sentence in relation to their own moral values.
Hence, semantic processing and valuation are processed online during L1 sentence comprehension. In the present paper, we investigated whether it is also the case during L2 sentence comprehension.
The present study
Following Van Berkum et al.'s (2009) study, we presented written sentences in which the critical word either matches or conflicts with one's values. In contrast with
Van Berkum, however, we did not base our sentences on the beliefs of a specific group (e.g., Christian political party) but we relied on 'common values' that, we assumed, the majority of people living in Europe would concord with (see Table 1 for examples and Appendix for full list of materials). To ensure that participants agreed with these values, they were asked to rate their (dis-)agreement with each statement on a 5-point scale.
We tested a group of L1 Spanish speakers and a group of late L2 French-Spanish speakers. Native speakers were tested as a control group, and also to replicate the effects observed in Van Berkum et al.'s study and extend them to another language, Spanish.
According to their results, we expected a small N400 effect and an LPP effect around 500 ms in the L1 group, potentially preceded by an early positivity around 200 ms. This pattern of effects would imply, as previously put forward by Van Berkum et al., that valuation has a non-controlled, automatic influence on L1 semantic processing.
Regarding the L2 group, we selected two Romance languages, French and Spanish, as their lexical and syntactic properties largely overlap, and, as previously demonstrated, cross-language similarities aids language processing (Foucart, Martin, Moreno, & Costa, 2014; Tokowicz & MacWhinney, 2005; van Hell & Tokowicz, 2010) . Assuming that we replicated Van Berkum's results in the control group, we should observe ERP components reflecting semantic processing and valuation; a similar pattern, i.e., an N400 and an LPP in the L2 group would suggest that both semantic information and valuation are integrated online, in the same way as in L1. If the N400 component was absent but the LPP was present, it would suggest that L2 speakers can evaluate a statement in relation to their own moral values during online sentence comprehension but that such valuation does not interfere with earlier semantic processes. Finally, if no effect were observed at all, it would suggest that L2 speakers are not sensitive to value-disagreement statements online.
Method

Participants
Twenty-four Spanish native speakers (19 females, 22.6 years, range 19-32) and 24 French-Spanish mid-proficiency late L2 speakers (15 females, 22.5 years, range 20-32; mean age similar for the two groups, t(24) = 0.11, p = .91) took part in the experiment and received monetary compensation for their participation. Native speakers were students at the University Complutense de Madrid (Spain), and L2 speakers were studying at university level in Barcelona, Spain (mean immersion time: 18.6 months, 6-72 months). French-Spanish L2 speakers had learned Spanish at school (mean age of acquisition: 13.7 years, 8-22 years). In a language background questionnaire, they provided a self-assessment of their level of Spanish (from 1: very poor to 7: excellent) for written comprehension (5.4, SD: 0.9), written production (5, SD: 1.1), oral production (5.2, SD: 1) and oral comprehension (5.6, SD: 1.1). In addition, to take part in the experiment, they were required to pass a Spanish language test (B2 level of the Common European Framework; mean score: 15.8 out of 20, SD: 3). Prior to the experiment, all participants received oral and written information about the procedure and signed a consent form. Participants also took part in a study investigating word anticipation in L2 (Foucart et al.'s, 2014 ). positive and negative connotation were mixed to ensure that any effect was due to the valence of the adjective in relation to the context and not to the emotional valence of the adjective itself (e.g., 'Pegar a los niños es negativo para su educación.'; Beating kids is negative for their education; 'Que un hombre sea infiel a su mujer es beneficioso para la pareja.'; A man being unfaithful to his wife is beneficial for a couple). Half of the sentences included an impersonal statement (e.g., 'Beating kids...) and the other half a personal statement (e.g. 'I believe...', 'according to me...'), placed either at the end or beginning of the sentence. This design was done to vary the nature of the sentences in the experiment but was not analysed.
Material and design
For both conditions, we also included the same 80 adjectives in control sentences in which they appeared at a position prior to the topic they were related to (e.g., 'Es positivo/negativo para su educación pegar a los niños.'; It is positive/negative for their education to beat kids). This was to control that any effect obtained was not due to the processing of the adjective itself, but to the way it modified the statement.
Overall, control sentences were slightly shorter than experimental sentences (control sentences: 8.2 words; SD: 2.30; experimental sentences: 10.9; SD: 2.2; t(80) = -9.15, p <.001). To avoid wrap-up effects, the critical adjective was never placed in the final position of the sentence. Examples of each condition are provided in Table 1 
Conditions Sentences
Moral
En nuestra época, la pedofilia debería ser prohibida en todo el mundo.
Immoral
En nuestra época, la pedofilia debería ser tolerada en todo el mundo.
Nowadays, paedophilia should be prohibited/tolerated across the world.
Control moral
Debería ser tolerada la pedofilia.
Control Immoral
Debería ser prohibida la pedofilia.
Should be tolerated/prohibited paedophilia. (literal translation)
Procedure
Participants were presented with one of the two lists using the presentation software E-Prime 2.0 (Psychology Software Tools, 2012). All sentences were presented in one block. For both lists 4 semi-randomised versions were created, with the only constraint that the experimental version was always presented before the control version in order to avoid participants to anticipate the critical adjective when given the topic context. Each trial started with a 1000 ms fixation cross and sentences were displayed on the screen word by word (350 ms word duration and 350 ms inter-stimulus interval).
After each sentence, participants were asked to express their agreement or disagreement with the statement on a scale from 1 (I totally disagree) to 5 (I totally agree).
Participant's answer triggered the following trial. Participants were told they could blink or take a short break whenever the scale was displayed on the screen; for this reason, response times were not recorded. The experiment was preceded by 5 sentences of practice and lasted about 20 min (excluding cap set-up).
EEG recording and data analysis
Electrophysiological The ERP data were quantified by calculating the mean voltage amplitudes.
Following Van Berkum et al.'s study, we were interested in two main effects: the N400 and the LPP. ERP components respective to these effects were defined based on the grand averages and corresponded roughly to the time-windows used by Van Berkum et al., i.e., 380-500 ms, and 675-800 ms time-windows, respectively. In addition, analyses were performed in an earlier time-window to explore the presence of an early positivity as in Van Berkum's study but no significant differences emerged. We conducted analyses of variance (ANOVAs) for each time-window. At midline, a three-way 
Results
Behavioural answers
Behavioural answers are reported in Table 2 . Overall, participants (L1 and L2 speakers) agreed with the 'moral statements' 86% of the time (sum of 'I totally agree'
and 'I agree') and disagreed with the 'immoral statements' 90 % of the time (sum of 'I totally disagree' and 'I disagree'), which suggests that the sentences indeed addressed 
ERPs analyses
N400 (380-500 ms)
The ANOVAs (summary of results reported in Table 3 ) revealed a significant main effect of Morality at all but frontal sites. The factor Group did not reach significance.
An interaction Morality x Group was observed, and post-hoc analyses revealed it was due to the factor Morality being significant in the native speakers group (midline: p <.02; frontal sites: p =.27; centro-parietal sites: p <.03; occipital sites: p <.02) but not in the L2 speakers group (p = 1 at all sites). In addition, an interaction Morality x
Electrode was found at centro-parietal sites only, revealing that the effect was slightly larger at central electrodes than at temporal electrodes. The interaction Morality x Group x Electrode was not significant. The factor Morality never interacted with
Hemisphere. Thus, immoral statements provoked a larger negativity than moral statements in the native group; while this was not true in the L2 speakers group in which no difference was observed between the two types of statement. The N400 was observed at (centro-)posterior sites, which is the classic distribution of this component.
In the Control condition, the main effect of Morality was not significant (midline: F ( 
LPP (675-800 ms)
The ANOVA (summary of results reported in In sum, the behavioural results showed no differences between native and non-native speakers in their moral judgement. In contrast, the ERP results show that while both groups revealed a larger LPP for immoral statements compared to moral statements, the N400 modulation by morality value was only observed in the L1 group.
Discussion
The present study examined whether valuation is integrated incrementally during L2 sentence comprehension and whether it affects non-native speakers' online interpretation of the message. We adapted Van Berkum et al.'s (2009) Importantly, the sentences did not include any semantic violation; the only 'violation' occurred at valuation level (i.e., whether in agreement with one's moral values or not).
In the L1 group, our results replicated Van Berkum et al.'s in that critical words that clashed with participants' moral values first provoked an N400 followed by a small LPP. In line with these authors, we interpret the N400 effect observed as an indication of difficulty of early sense making. That is, let us argue that the sentence context (e.g., 'Nowadays, paedophilia should be...') primes a particular concept (e.g., here
'paedophilia'), or that the reader builds up expectation based on her values as the sentence context unfolds. If the critical word clashes with the word (or the concept) that is expected, it provokes semantic integration difficulty, reflected by an enhancement of the N400 ERP component (DeLong, Urbach, & Kutas, 2005; Foucart et al., 2014; Wicha, Moreno, & Kutas, 2004) . Interestingly, similarly as Van Berkum et al., we observed the N400 effect at centro-posterior sites, which is the classic distribution of this component. Hence, value-inconsistent statements provoke a similar response (in terms of timing and distribution) as semantic violations and unexpected words.
We consider the LPP an affect-related component indexing that additional processing is required for value-inconsistent statements compared to value-consistent statements, similarly as the additional processing usually observed for emotional stimuli (for a review, see Citron, 2012) . Furthermore, the LPP in our study had a centroposterior distribution as that usually observed for emotional stimuli. These results suggest that semantic processes in L1 comprehension are sensitive to valuation and that value-based disagreements influence online sentence comprehension.
French-Spanish L2 speakers showed somehow different results. While their behavioural responses suggested that they valuated the statements equally (im-)moral as L1 speakers, their brain activity revealed a different pattern; in response to valueinconsistent statements, L2 speakers revealed an LPP but no N400 effect. These results suggest that valuation is integrated online (presence of LPP) but that it does not interfere with semantic processing (absence of N400).
The presence of the LPP indicates that the adjective was processed online in relation to its sentential context. Indeed, since the positive and negative connotation of the critical adjectives was mixed for each condition, the LPP cannot reflect participants' sensitivity to the affective valence of the adjective itself as it is the case for single words; the LPP is therefore clearly the evidence of participants' sensitivity to the valence of the adjective in relation to the preceding context. This conclusion is also supported by the absence of LPP in the control condition in which the adjective was presented at the beginning of the sentence and hence could not be processed in relation to the sentence context. This observation suggests that late L2 speakers valuate words online in relation to the preceding context. This online processing would not be possible without the integration of both semantic and valuation information. Thus, the present results suggest that semantic and valuation processes interact during sentence processing in L2, however, valuation does not seem to influence sentence interpretation in the same way as in L1, as reflected by the absence of N400 effect. Importantly, the distribution of the LPP was similar in the two groups, and was comparable to that usually observed for emotional stimuli (i.e., at centro-posterior sites). On the other hand, the separate analyses per region confirmed that the N400 component was absent over the whole scalp in L2, suggesting that the difference of pattern between the L2 speakers and the native speakers was more likely due to processing differences than to distributional differences.
One potential explanation to account for the absence of N400 effect is L2
speakers' sensitivity to affect-based stimuli. As put forward by Van Berkum and colleagues, the valence of a concept may be part of its meaning, and thus concepts that mismatch with one's value provoke an N400 modulation equivalent to that observed for semantic anomalies (e.g., I take my coffee with cream and dog). In L2, however, since the emotional reaction is usually reduced (Caldwell-Harris & Ayçiçeği-Dinn, 2009; Dewaele, 2004; Opitz & Degner, 2012; Pavlenko, 2005) , the valence of the concept might not be as automatically activated from the word as it is in L1. In this case, valuebased inconsistent concepts in L2 should not be considered as semantic anomalies and therefore no N400 effect should emerge. Note, however, that emotional reaction in L2
processing varies with factors such as age of acquisition, proficiency, and exposure (Conrad et al., 2011; Eilola, Havelka, & Sharma, 2007; Harris, 2004; Sutton, Altarriba, Gianico, & Basnight-Brown, 2007) ; hence, if this explanation is true, an N400 effect should be observed for L2 speakers who have reached native-like emotional sensitivity.
Another possibility for the absence of an N400 effect is non-native speakers' questioned ability to anticipate words during sentence processing. If L2 speakers do not build up lexical (or conceptual) expectation as the sentence context unfolds like native speakers do, any word that fits semantically, whatever consistent or inconsistent with the reader's value, would be easily integrated within the semantic context and would therefore not trigger an N400 effect. This explanation is rather unlikely since, as mentioned in the Method, the French-Spanish participants who took part in the present study also took part in Foucart et al.'s (2014) study which investigated word anticipation in L2. In the later experiment, they displayed an N400 effect when processing words that were unexpected from the sentence context, showing that they anticipated upcoming words online in a similar way as L1 speakers. Hence, it is improbable that the absence of N400 here be due to L2 speakers' ability to anticipate.
Finally, another account for the absence of N400 modulation in the L2 group is timing. This account is speculative because it is based on the hypothesis that the onset of the LPP in the L1 group is earlier than in the L2 group. From the grand averages, it seems clear that the onset of the LPP in the L2 group occurs after 500 ms. On the other hand, the onset in the L1 group is not as clear; we can speculate that the onset of the LPP in L1 occurs within the same time-window as the N400 (380-500 ms) and is therefore indiscernible. This would suggest that valuation is slightly delayed in L2 compared to L1; consequently, the valence of the adjective may not be processed quickly enough to exert an effect on semantic processing. That is, by the time the valence of the adjective is processed, L2 speakers have already integrated the word with no difficulty since it fits semantically in the sentence context. Hence, even if the adjective conflicts with one's moral values and should trigger integration difficulty reflected by a modulation of the N400, the only visible reaction to value-inconsistent statements is the affect-related LPP. This is a speculative but nevertheless possible explanation.
Conclusion
The present study shows that both semantic and valuation are integrated online during L2 sentence comprehension. However, valuation does not seem to influence the online interpretation of a sentence in the same way as in L1. This suggests that L2 speakers may have difficulties in processing information of different sorts (e.g., semantic and pragmatic) during sentence processing. These difficulties may explain the delay often observed in L2 sentence processing (for reviews, see Frenck-Mestre et al., 2014; Moreno et al., 2008) . One way for L2 speakers to initially compensate for their difficulty may be to rely on cues that are linguistically independent and thus more accessible, like pragmatics (Roberts & Felser, 2011; Roberts et al., 2008) or indexical properties (Foucart et al., 2015) , for example. However, highly proficient L2 speakers should eventually process sentences in the same way as native speakers do. Further research involving other types of information is needed to extend our understanding of L2 sentence comprehension.
